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sn($KJMLuﬃON)[M[PN<;Z-.(A^RQ#"TS$+-VUﬀ[VLE-VWML>XZYK[Mx\U>]TY^[VN_X`]TXMW&L@abL>XZYdcKL[PL@U@Y^[VN_XecfL>U@YK[PN_XgchicfL>UjY^[PNbXMc
lk

k

Y^N
lknmZojp
YKJMLFJg[PcfYKN)^_SK]aqcr]bXgW1U>slY^cecfJMNutXI]bSKLvOSKN)awYKJMLFJg[.^_J x\Lﬀ[VW-W\]TY^]x]bXM][M_ycK[Vc
k
<NutzL@abL>S
p
Y^JML<cfY^L@QMcd]bXgW`QMSfNlU@L>WMsMSfL>cd]TSKL{Lﬀ|sM[VaT][VL>XZY}vON_Sz~#NbYKJqY^NbSKsMc}U>sMSfSKL@X|YcKL@YfY^[VX^_c
k
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8dJMLSKL>]bU@YK[PN_X
γd → pK+K−n [PcL~gU[PsMcf[VabL p Y^JML@SKL@vONbSKL p YKJML:x\SKcŁYRcŁY^L@Q4[VXYKJML[PXM[Y^[P][
cKL[PL@U@Y^[VN_XrSKLﬀ|sM[VSKL@c}YKJML<[VWML>XZYK[Mx\U>]TY^[VN_XNbv2Lja_L>XZYKct[VYKJrvON_sgS}QM]bSfYK[PUﬀ[VL>c[PXY^JgLEx\XM][cfY]Y^L
k
8dJMLXgL>sgYKSKN_XWMLjY^L@U@Y^[VN_XL@rU@[PL>XgU_NTv|rk£Q[Pc\[PNut
p
]bXMWRY^JMLkarN)arL>XZY^sAaSfL>cfN)[PsgYK[PN_XNbv
XML@sgY^SfN_XMc[Pc2Q#NyN_S
k
<L@XMU>L
p
YKJMLY^JgSKL>LUJ\]TSﬁ^_L@WQM]bSfYK[PUﬀ[VL>ch
p, K+ and K−
o
]bSKLRarL]bcfsMSKL@W
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M(nK+)
+K
-K
-K
p
p
n
d
n
+Θ
γ
 [M^_sMSKL
lk
 ﬃ\QISfL>cKU>]TYKYKL>Sf[PX^ WM[P]^_S^]5aYKJ\]TYU>Nbs[PWU@N_XZY^SK[V~MsgYKLYKNY^JMLQMSfNlWgsMU@YK[PN_XNbv#Y^JgL
Θ+
]bXMWﬂ]bXGL>XML@Sﬁ^_LjY^[PU QMSfNbY^NbX
k
[PXrk£hQ
p
]bXMWrY^JML<XML>sgYKSKN_X`[Pc}SKL>U@N_XMcŁY^SKsgU@Y^L@W&~X_car[PcfcK[VX^Naq]bcfch
γd− pK+K− ojk 8dJML
W\]TY^]tzL>SfLc|[.aaqL@WqYKNcKL[PL@U@YdLja_L>XZYKct[VY^JqY^JMSfL>LUJM]bSﬁ^_L@W&Q\]bSŁY^[PU[PL@czN_S}Y^JMSfL>L<UJ\]bSﬁ^bL>W
Q\]bSŁY^[VUﬀ[PL@cQ[PsMc N_XMLzXML>slY^S^]5[lQ\]TSfY^[VUﬀ[VL}[VX	rk£hQ
p
]5[PN_X^t[VYKJRYKJML]TWMWM[VYK[PN_XM][ZSKLysg[PSKLaqL@XZY
Y^JM]TY ]TYm[PL]TcfYN_XgLJM[VY~ LSfLﬀ^_[VcfYKL>SKL@W;[PX YKJMLQMJMNTY^N_X Y^]^)^_L@S
k
8dJMLJM[YCas[Y^[VQ[P[VU>[VYn_eNbv
Y^JgL>cKL;Lja_L@X|YKcﬂ[VcecKL@L>X N_X-Y^JgLv[PL@v Y`Nbvﬂx#^_sMSfL
lk

k
sgSfY^JgL>S`YKN Y^JM[VcecKL[PL>UjY^[VN_XI~\]bcfL>W
N_XﬂXysAa~ L@S<NTv	Q\]bSŁY^[PU[PL@chOJM[VYKc
oEp
aq]bcKc{U>slY^c<tzL>SfL[MaqQ[VLﬀarL>XZY^L@WYKN`SfLx\XMLY^JMLQ\]bSŁY^[VUﬀ[PL
[PWgL>XZY^[x\U]TYK[PN_X
k
8dJML@cKL U>sgYKc]bSKLaq]bWMLN_XeY^JMLma`]bcfchiaq]bcKccﬁ|s\]bSfL>W
o
]bcdU>][PU@s[ ]Y^L>W`~9_
Y^JgLY^[.arLNbv*:\[M^_JZYcKsM~gc_ycfYKLﬀa hicfL>L cKL@U@YK[PN_X
k

knmZojp
]TXMW]bSKLWML@Q L@XMWML@X|Y{sMQ#N_XGQ\]bSŁY^[VUﬀ[PL
UJ\]bS^_L
k
8dJML U@SK[VYKL>Sf[ ]]bSfLR]TcvON[.[PNutcﬃ
• UJM]bSﬁ^_L "@L>SKNrQ\]bSŁY^[VUﬀ[PL p YKJML>X[PWML@XZY^[MxML>Wﬂ]bc]rXgL>sgYKS^][hOXML>slY^SKNbX o
• XgN_X}"@L>SfNUJM]bSﬁ^_L@WQ\]bSfYK[PU[PL p asMcfYJM]uabL]aT][V[PWWgSK[Vv YUJ\]a~#L>SYKS^]bU p ]bXMWL>[Y^JML@S
]aT][P[VWeY^[MaqLNTv;:\[M^_JZYJM[VYNbSdLﬀ[PL@U@YKSKN)aq]^_XMLjY^[VUU][VN_SK[MaqLjY^L@SJM[Y
• YKJML 8E aq]bcfct[VXMWMNutccKL[PL>UjY^L@WﬂvON_Sd[VXM[VYK[ ][[PWgL>XZY^[x\U]TYK[PN_XG]TSKL]bcvON)[M[PNutc9ﬃ
• 0.09 < M2 < 0.49 (GeV/c2)2 ﬃL>[Y^JML@S K+ NbS K− p WML>Q#L>XgWML>XZY<N_XﬂUJM]bSﬁ^_L
• 0.49 < M2 < 1.44 (GeV/c2)2 ﬃQMSfNbY^N_X
8dJM[VcRJ\]TWMSKN_X4[PWML@XZY^[MxMU]TYK[PN_X9[Pc QMSfLﬀ[P[Maq[VX\]bS*_
p
cK[VXMU>LrY^JML@SKLq[Pc XMNFU[PL>]bSRWg[PcfYK[PXMUjY^[VN_X~ L~}
YtzL>L>X]bN_Xgcd]bXMWeQg[PN_XMc]TYYKJM[PczcfY]5^_L
k
8dJM[Vc[PcfcKsMLNbvaq[Vc*} [PWML@X|YK[Mx\U>]TY^[VN_Xt[.[M[#~#LWML>][VY
t[VYKJG[PX]cKsM~McfLﬀ|sML@X|YcfY]5^_LrhicfL>LcKL>UjY^[VN_X
yk

k

oEk
8dJML8E¡a`]TcKcKL@cvON_SYKJMLQMSfNbY^N_X]TXMW;~ NTY^J]bN_XMcU>]bX;~#LcKL@L>X9N_X Y^JMLSK[.^bJ|YNbv
x#^_sgSKL
lk

hOY^JgL>cKL]bSfLY^JMLaq]bcKcfL>c{]Tv YKL>SvOsMSŁY^JML@SdJ\]bWMSfN_X}QgJMNbY^NbXGabL>SŁY^LOGYK[.ar[PX^RU>sgYKc
oEk
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M(nK+)
! JML@Xe]bXrL@abL>XZYU@N_XZY]b[VXMc
pK+K−
NbS
pK+K−neutral
p
~M]bcKL@W`N_XrY^JML{]b~#Nua_LU@SK[Y^L>Sf[ ]
p
[VYQMSKNyU>L@L>WMcY^NvOsMSŁY^JML@S{cŁY]^bL>cNbvLja_L@X|Y<cKL[PL@U@Y^[VN_X
k
EVNT number of hits
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 [M^_sMSKL
lk

ﬃ<[Y^cEas[VYK[PQ[V[PU@[VYn_Fhi[VL@v Y
o
cfJMNut[PX^
m
N_S rQ\]bSfYK[PU[PL>c
k
8Eaq]bcfcKL>chiSf[.^_JZY
o
Nbv Y^JML QMSfNbY^NbXﬂ]TXMWﬂ~#NbYKJ ]bNbXMcRh
K−
cKJ\]TWML>W
oEk
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8dJMLmxMSKcfYU>sgYtJg[PUJet]bcd]bQMQA[P[PL@W`t]bcN_X`YKJML
z− vertex NTvL]bUJ&Nbv'YKJMLQ\]TSfY^[VUﬀ[VL>c p Y^N
~#Lt[VY^Jg[PX;Y^JMLY^]bSﬁ^_LjYﬂ^_L>NaqLjY^S_ hicfL>L:x#^_sMSfL
lk m_ojk
8dJM[VcU>sgYcKL[PL@U@Y^c Q\]TSfY^[VUﬀ[VL>ctJMN_cfL
a_L@SfYKLO[V[PL@cR~#L@YtzL>L@X −16 ]bXMW −36 cm WMNutXMcfYKSKL]5a Nbvurk£hQxU@L>XZY^SfL9h ]FSfLﬀ[P]TY^[a_Lﬀ[_
Y^[M^_JZY "O} a_L>SŁY^L~U>sgY
ojk
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M(nK+)
p z-vertex [cm]
-50 -45 -40 -35 -30 -25 -20 -15 -10 -5 00
5000
10000
15000
20000
25000
30000
 z-vertex [cm]+K
-50 -45 -40 -35 -30 -25 -20 -15 -10 -5 00
5000
10000
15000
20000
25000
30000
 z-vertex [cm]-K
-50 -45 -40 -35 -30 -25 -20 -15 -10 -5 00
5000
10000
15000
20000
25000
30000
35000
 [M^_sMSKL
lknm
ﬃ "~} abL>SfYKLO1WM[PcŁY^Sf[P~MsgYK[PN_XgcrNTvY^JML
p
h Y^N_Q«[PLjv Y
ojp
K+
hOYKN_Q1Sf[.^_JZY
o
]bXgW
K−
hi~#NbYfY^N)a
ojk
8dJgLSfL>Wy[P[VXML>cdSfL>QMSfL>cKL@XZY<YKJML ~ N_sgXMW\]bSf[PL>cNbv Y^JgLU@sgY^c
k
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8dJMLXML~yY cfY]5^_L[PX YKJMLL@abL>XZYRcKLﬀ[VL>UjY^[PNbX QMSKNyU>L@cKc [Pc<Y^JML[VWML>XZY^[x\U]Y^[PNbXFNbvY^JgLQMJMNbYKN_X
U>NbSKSKL@cKQ#N_XMWM[VX^&Y^NeYKJMLL@abL>XZY
k
! JML@SKLr]bXL@abL>XZYRJ\]bcas[Y^[VQ[PLQMJMNbYKN_XMcrh Y]^)^bL>SJM[Y^c
o
SKL^_[PcŁY^L@SKL>W&[VX`Y^JgLY]^^_L>Sz~\]bX 
p
YKJML]bUjY^s\]5[ L@abL>XZYQMJMNTY^N_X&[Vc[PWgL>XZY^[x\L>W&]TcY^JMLQMJMNbYKN_X
tJMN_cfLzYK[.arL	[PcUﬀ[VN_cKL@cfY Y^N<YKJML}L@a_L@XZY a_L@SfYKLORY^[.arL
k
8dJM[Vc QgSKNyU>L>WgsMSKL}[PXZa_N[Va_L@car[PXM[Maq[VcK[VX^
Y^JgL	WM[M L>SfL>XMU@Lh
Diff
o
~#L@YtzL>L@XRY^JgL	QMSKNbYKN_Xa_L@SfY^L~ Y^[MaqL
p
]bXMWY^JgL}QgJMNbY^NbX abL>SŁY^LOY^[.arL
p
sMcf[PX^Y^JgLSfLﬀ[P]TY^[VN_XMc9ﬃ
Diff = (SCptime − (
SCppath
cβpc
)− (γtime + z
p
c
))
h
lk

o
]bXMW
p
βpc =
pp√
p2p + m
2
PDG(p)
h
yk

o
tJML>SfL
p
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M(nK+)
SCptime  
QMSfNbY^N_X!:\[M^_JZYdY^[MaqLYKNYKJMLY^[MaqLNTv;:\[M^_JZYcKsM~gc_ycfYKLﬀa
SCppath  
QMSfNbY^N_XGQ\]Y^Jz[PL@X^bY^J&YKNrYKJMLY^[.arLNbv<:\[M^_JZYcKsM~Mc*_ycfY^La
γtime
 
L@abL>XZYQgJMNbY^NbXGabL>SŁY^LOGYK[.arL
zp
 
z − vertex Q#N_cK[Y^[PNbXeNbv Y^JML QMSfNbY^N_XxhOYKNr]bU>U@N_sMXZYvON_SY^JMLYKS^]bUeN5 cfL@YvOSKN)a
rk£hQ&U>L@X|YKSKL
o
c
 
cfQ L@L>WNbvL[V[.^_JZY
pp
 
QMSfNbY^NbXfarN)arL>XZY^sa
mPDG(p)
 
aq]bcKcNbv Y^JML QMSfNbY^NbXGvOSfN)a YKJML Q\]bSŁY^[PU[PLWM]TY]:^_SfN_sMQ
! JML>Xr]bXLja_L>XZY}J\]bcRarN_SfLzY^JM]bXN_XMLQMJgNbY^N_X
p
t[VY^JYKJMLdc^]5aqLkar[PXg[.aq][_a_L@SfY^L~Y^[MaqL
WM[ L@SKL>XgU>L
p
[VY[Vc	SKLnfL>U@YKL>W
k
8dJg[Pc!as[VYK[PQ[VLQMJgNbY^N_XrU>NbXMWM[VYK[PN_XNyU>U@sMSKSfL>Wr[PX[PL>cfc	Y^J\]bXy

Nbv Y^JML L@X|YK[PSfLWM]TY]cKLjY
k
QYY^JM[Vc	Q N_[VXZY
p
YKJMLdY]^)^bL>S	L>XgL>Sﬁ^5_U>N_SfSKL@U@Y^[VN_Xt]Tc]bQgQ[P[VL>WhicfL>LcKL@U@YK[PN_X 
k _o
Y^NY^JgL
[PWgL>XZY^[x\L>W QgJMNbY^NbX
k
8dJM[VcU>NbSKSKL@U@YK[PN_XFt]bcWgL>SK[a_L@W;sMcK[VX^`Y^JgLQ\]b[VS<cfQ L@U@Y^SfN)arL@Y^L@S
p
]TXMW
]bU@U>N_sMXZYKcRvON_Sﬂq}U@N_sMXZY^L@SRYKNdq}U@N_sMXZY^L@SRXgN_X}n[V[PXML>]bSK[Y^[VL>c[VX9YKJMLvON_Sﬁa NTvd]zas[VYK[PQ[V[PU>]%}
Y^[a_L`vi]TU@Y^NbSRY^N YKJMLeQMJgNbY^N_X L@XML>S^_
Eγ
k
\sMSfYKJML>SYKNFY^Jg[PcY^]^)^_L@SL>XgL>Sﬁ^5_ U>NbSKSKL@U@YK[PN_X
p
];SKsMX`}~X_X}SKsgXU@N_SKSfL>U@YK[PN_XJ
p
WML>Sf[Va_L@WvOSfN)a YKJML|[PXMLa`]TYK[PU>][.[_U>N)arQ[PLjY^L&SfL]bUjY^[PNbX
γd → ppi+pi−n p t]bc]5[PcKNq]bQMQA[P[PL@W&Y^NY^JMLLﬀ[VL>U@YKSKN_Xﬂ~ L>]a L>XgL>Sﬁ^5_]TY<YKJM[PccŁY]^_L k 8dJM[Vc
U>NbSKSKL@U@YK[PN_X4]^Z]b[VX t]TcR[VXYKJMLvON_Sﬁa NTv]zas[Y^[PQA[P[PU>]TY^[a_L vi]bU@YKN_SY^N
Eγ
p
]bXgWx]bU@U>N_sgX|YKc
vON_Sdc[P[.^bJ|YSKsMX} ~X_9} SKsMXWMSf[Vv Y^cd[VX&Y^JML WML[P[VabL>SfL>WLﬀ[PL@U@YKSKN_XG~#L]a0L@XML>S^_
k
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QY Y^JM[VccfY^]^_LNbv}Y^JMLr]bX\]5[M_ycK[VcY^JMLr]bcfcKsarQgY^[VN_X;[Pcﬂaq]bWMLYKJ\]TY]&X|sa~#L>S NbvzUJ\]bSﬁ^bL>W
Q\]bSŁY^[VUﬀ[PL@cJ\]a_L~ L@L>XFtSfN_X^)[_&[PWML@XZY^[MxML>Wﬂ]bc ]bNbXMc
k
sXﬂN_SKWgL>SdY^NqSKLﬀarNua_L Y^JML@cKLRL@a_L@XZY^c
tJML@SKL;Y^JM[VcPar[Pc*} [PWML@XZY^[MxMU]TYK[PN_XJ\]bcGNyU>U>sgSKSKL@W
p
YKJMLvarN)aqL@XZY^sa ~\]bcfL>W N_XIY^JML;WgSK[Vv Y
UJ\]a~ L@SYKS^]bU [VcSKL@Y^]b[PXgL>W
p
~MsgYY^JgLfaq]bcKc[VcSKL]5[.[PNyU]Y^L>W YKNYKJMLf! Cab]5[PsMLGNbv]
UJ\]bS^_L>W`QM[PN_XqN_Sz]QMSKNTY^N_X
k
8dJML
4− vector [Pc}cKsM~gcKLﬀ|sML@XZY+[M_`SKL@U][VU>s[P]TY^L@We][VN_X^ t[VY^J
Y^JgLmar[PcKcf[PX^aq]bcKczNbv'Y^JML<c_ycfYKLﬀa
p
]bXMW`U>sgYKcd]bSKL<]bQMQA[P[PL@WqYKNSKLaqNua_L<L@abL>XZY^cdtJML@SKLN_XgL
N_SHarN_SKLNbv2YKJML{UJ\]bSﬁ^bL>W`QM]bSfYK[PUﬀ[VL>cJ\]bc}~#L>L>Xaq[Vc*}[VWML>XZYK[Mx\L@Wq]Tc] ]bN_X
k
qlQ[V[PU>[Y+[_
p
Y^JgL
MM2(pK+K−)
[Pc]bcKcfsaqL@W4YKN~#LY^JgLvON[.[PNut[VX^eQ#L>SﬁasgY]TYK[PN_Xgc
p
[
k
L
k
Y^JML 5} a_L>UjY^N_Sfc
]bSfL^_[a_L>X9Y^JMLca`]TcKcNTvdL>[Y^JML@S]FQg[PN_X4N_SR[VXxN_XgL`U]TcKLe]ﬂQMSKNbYKN_X
p
]bXMWxYKJMLarL]bcfsMSKL@W
arN)aqL@XZY^sa
k
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M(nK+)
0/19!
 
MM2(ppi+pi−)
s Y U]TX9~#LcfL>L>X
p
x#^bsMSKL
lk
9hOYKN_Qv[PLjv Y
oEp
Y^J\]YY^JML@SKL]bSfLL@a_L@XZY^c tJML>SfLr~#NbYKJT]TN_XMc ]bSfL
]bUjY^s\][M[M_ﬂar[Pc}[PWgL>XZY^[x\L>WQM[PNbXMc
p
]bXMWY^JgL>cKL]bSKLzSKLfL@U@YKL>Wt[VYKJY^JMLzU>sgY
MM2(ppi+pi−) <
1.16 GeV.
8dJML@cKLL@abL>XZY^cU>N_SfSKL@cKQ#N_XMWY^NeY^JgLJMN_SK[ ">N_XZY^][ ~\]TXMW
p
]TYYKJML:aq]bcKccysM]bSKL@W
Nbv}Y^JMLar[PcfcK[PXA^eXML>slY^SKNbX
k
rN_XZa_L>SfcKL[M_
p
Y^JgLar[PcfcK[VX^&XML>slY^SKNbXx]bcfcKNyU>[P]TY^L@Wt[Y^J9]bUjY^s\][
pK+K−
L@abL>XZY^c<U]bXG~#L cKL>L@X ]bcdYKJMLa_L>SŁY^[VU][2~M]bXMW
k
0/19!
  
MM2(pK+pi−)
 [M^_sMSKL
lk
 hOYKN_QﬁSK[M^_JZY
o
cfJMNutc;L@abL>XZY^c;t[VYKJM[PX tJM[PUJ YKJML
K−
[Pc ]bU@YKs\][.[_ ]¡aq[Vc*}
[PWgL>XZY^[x\L>W
pi−
k
8dJML@cKLrL@a_L@XZY^c]TSKLSKLnfL>U@YKL>W4~9_U@sgYKYK[PX^
MM2(pK+pi−) < 0.96 GeV
hOYKJM[PcdU@sgY{[Pc]bQgQ[P[VL>WeY^NrSKLaqNuabLR]TX9_eLOlU>L@cKcNTv Lja_L>XZYKc[PX&YKJ\]TYSKL^_[PNbX
ojk
0/19!
  
MM2(pppi−)
 [M^_sMSKL
lk
rhO~ NTYKY^Na
oEk
l[VXMU>LYKJM[Pc	[Vc	]bXLOlU[PsMcf[Va_LQMSfNlU@L>cfc
p
]U>sgY	YKNSfLfL@U@YL@abL>XZY^ct[VYKJ
MM2(pppi) ≤ 0 GeV p [Pc]bQgQ[P[VL>W k
XMLqcfJMN_s[VW4XgNbY^Lr]TY Y^Jg[Pc cfY^]^_L
p
Y^JM]TY Y^JMLaT][P[VWM[VYn_ﬂNbvYKJML>cfLqU@sgY^c[Pc ~\]TcKL>W4sMQ#N_X
Y^JgLvi]TU@Y	Y^JM]TY	Y^JMLZar[PcfcK[PXA^XML>sgYKSKN_XrU>slYhOcKL@L{cfL>UjY^[PNbX
lk

k

ojp
[Vc	XMNbY}]  	   U>sgY
p
]TXMW
Y^JgL>SKLjvON_SKLtNbs[PW XgNbYSfLﬀarNua_LYKJMLL~gU@L>cfcNbvRar[Pc*} [PWML@XZY^[MxML>WL@a_L@XZY^c[PXY^JMLRSKL^_[PN_X
k
Q<c
t[.[M[\~ L<WML@Y^]b[.[VL>W
p
Y^Jg[Pc!aq[VcKcK[VX^XgL>sgYKSKN_XeU@sgY[Vc]aq]bWML<]bc]vOsMXMU@YK[PN_XqNbv'QMJgNbY^N_X`L>XML@Sﬁ^_
k
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M(nK+)
]2)2) [(GeV/c-K+(pK2MM
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+
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K
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M
M
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]2 )2
) [
(G
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-
pi
(p
p
2
M
M
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1
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 [M^_sMSKL
lk
 ﬃ U]TcKLﬃ
MM2(pK+K−)
ayc
MM2(ppi+pi−)
hOYKN_Q [VL@v Y
oEp
U]TcKL

ﬃ
MM2(pK+K−)
ayc
MM2(pK+pi−)
h Y^N_QISf[.^_JZY
o
]bXMWIU>]bcKL
m
ﬃ
MM2(pK+K−)
ayc
MM2(pppi−)
hi~#NbYfY^N)a
ojk
8dJMLSfL>Wc[P[PXgL>cSKL@QMSKL@cKL>XZYYKJML]TQMQ[P[VL>WU>slY^c
k
{[.^_Jx\Lﬀ[VWqWM]TY]
k
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LjvON_SKLYKJML]bQgQ[P[VU]TYK[PN_XNbv	a_L@SfYKLO YK[.ar[PX^rU>slY^c
p
]`U>sgYNbv
300 MeV/c
ar[PXM[Masa arN5}
arL>XZY^sa [Pc]bQMQA[P[PL@WY^NdY^JML}QMSfNbY^N_X]bXgWR~#NbY^J ]bN_Xgc
k
8dJg[Pc
300 MeV/c
[Pc2Y^JgL!ar[PXg[.asa
WMLjY^L>UjY^[VN_XzaqN)arL>XZYKsa0[PXyrk£hQ
k
sX/^_L>XML@S^][
p
[v	Y^JMLYK[.ar[PX^rU][V[P~MSK]TY^[VN_XMc{NbvY^JMLWML@YKL>U@YKN_ScKsg~Mc_ycfYKLﬀarc]TSKLtzLﬀ[M[ WML~}
x\XML@W
p
YKJMLa_L>SŁY^L~RYK[.arL	NbvgYKJML}J\]bWMSfN_XtzN_s[VW~#L	Y^JML}c^]arLz]bc'Y^J\]TY NbvlY^JML}QMJMNTY^N_XehOY^JgL>[PS
WM[ L@SKL>XgU>LtzN_s[VW;~ LU@L>XZY^SfL>W9N_X ">L@SKN
p
cKL>LYKN_Qv[PLjv YNbvRx^_sMSKL
lk bojk
8dJML]bc*_`acarL@YKSK[PU
cfYKSKsMUjY^sMSfL]5[PcKNrQMSfL>cKL@XZYU>NaqL@c<]Tc]SKL@cKs[Y<NTvSKL>]['QMSfNbY^N_Xgc{tJMNbcKLR]bcKcfNlU@[ ]TYKL>WQMJMNbYKN_X
U]5aqLvOSfN)a!]WM[ L@SKL@X|Y~#L]5a!~MsMUTL@Y
k
8dJg[Pca_L@SfYKLOY^[MaqLzWM[M L>SfL>XMU@L{]TY
2, 4, 6 and 8 ns
arL]bXMcqY^J\]TYqY^JML]TcKcKNyU>[P]TY^L@W-[PWgL>XZY^[x\L>WIQMJgNbY^N_XIU>]arLﬂvOSKNa ] h
2 ns
o
~#L]a ~MsMUTL@Y
1, 2, 3, 4
L]bS[P[VL>SYKJ\]bXGY^JML L@abL>XZY<QMSKNbYKN_X
k
yY^sgWM[PL@cNbv	YKJMLW\]Y]
p
vON_sMXMWFYKJ\]TY{Y^JMLQMSKNbYKN_X} QMJMNbYKN_XﬂabL>SfYKLOFY^[.arL
p
tpγv
p
WM[PcŁY^SK[V~Ms}
Y^[VN_XJ\]bc]rWML>Q#L>XgWML>XMU@LsMQ#N_XﬂYKJML{arN)arL>XZY^sa NTv Y^JgLQMSfNbY^N_X
p
pmom
k
l[.ar[.[P]bSﬁ[_
p
Y^JM[Vc
WML@Q L@XMWML>XgU>L[Pc][PcfN`cfL>L>X vONbS~#NbY^JFYKJML ]bNbX}QMJgNbY^N_Xﬂa_L>SŁY^L~ WM[VcfYKSK[P~gsgY^[VN_XMc
k
8dJM[VcWML~}
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M(nK+)
Q#L>XMWML@XMU>Lt]bc{]bU>U@N_sMXZY^L@W&vON_S~X_eY^JgLWML@YKL>Sﬁar[PXM]TY^[VN_Xe]bXgWﬂ]TQMQ[P[VU]TYK[PN_XqNbv aqNaqL@X|YKsa
WML@Q L@XMWML>XZY ±3σ U>slY^c k 8dJML>cfLqa_L@SfYKLO4Y^[.arL>ctzL>SfLcxMYfY^L@Wx[PX 100 MeV/c aqN)arL>XZYKsa
~M[VXMc
k
8dJg[Pc}QMSKNyU>L@WMsMSKL{t]TcWMLja_Lﬀ[VN_Q#L>WecfQ L@U>[MxMU][M[M_vON_SY^Jg[Pc}]bX\][_ycK[Pc
p
]TXMW`~#L>U>]aqLY^JgL
cfY^]bXMW\]TSKWGvON_SdNbY^JgL>SE:<]bX\][_lcfL>c
k
 [.^bsMSKL
lk 
cfJMNutc<Y^JgLRQMSfNbY^NbX}QMJgNbY^N_Xa_L@SfY^L~Y^[.ar[PXA^
p
[VYKcWML>Q#L>XMWgL>XMU@LN_XFQgSKNbYKN_X
arN)aqL@XZY^sa
p
]bXgW Y^JMLqL L>U@YNTvdY^JM[Vc{arN)aqL@XZY^sa WML@Q L@XMWML>XZYYK[.ar[PX^U>sgYGhi|s\]bXZY^[Y]%}
Y^[a_L[M_
p
YKJMLEaqN)arL>XZYKsa!WML@Q L@XMWML@XMU>L<Nbv YKJMLQMSKNbYKN_XY^[.ar[PXA^U]bXr~#L{cfL>L@X`[PXY^JgLEar[PWgW[PL
SKNutﬁNTv\x#^bsMSKL
lk _ojk
 [.^_sgSKL
lk
rcfJMNutc<YKJML L L>U@YNbv YKJMLﬂaqNaqL@X|YKsa0WML@Q L@XMWML@X|Y<Y^[Ma}
[PXA^`U>slY^cWML@SK[VabL>W vON_S{Y^JML
K+
]bXMW
K−
SfL>cfQ L@U@Y^[a_L[M_
k
 <L@Y]T[.[PL@W Q[VNbY^chicK[Maq[M[ ]bSYKN`Y^JgL
QMSfNbY^N_XGU>]bcKL
o
vONbSd~ NbYKJ ]bNbXMcU]bXG~#L vONbsMXMW[PXzoL@v
k
J) 
k
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M(nK+)
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 [M^_sMSKL
lk 
ﬃ
tpγv
hOY^NbQ3[PLjv Y
oEp
tpγv
ayc
pmom
hOYKN_QxSf[.^_JZY
ojp
tpγv
ayc
pmom
]Tv Y^L@SYK[.ar[PX^GU>slY
hi~#NbYfY^N)ab[PLjv Y
o
]TXMW
tpγv
]Tv Y^L@SY^[Maq[VX^`U@sgYqhi~#NbYKYKN)a SK[M^_JZY
ojk
R[PNTY^cJ\]abL
0.1 ns
~M[PXMc[PX
Y^[Maq[VX^]bXgW
0.02 GeV/c
~M[VXMc[PXyaqN)arL>XZYKsa
k
8dJMLar[PWMW[VLSKNutﬁcfJMNutc{YKJMLysM]bXZY^[VY^]%}
Y^[a_L WML@Q L@XMWML>XgU>LNbv YKJMLﬂaqL>]bX4hiar[PWMWA[PLC[VL@v Y
o
]TXMWGcK[.^a`]GhDaq[VWMW[PLSK[.^bJ|Y
ojk
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M(nK+)
 [ns]v γ
+Kt
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-Kt
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 [M^_sMSKL
yk
ﬃ
tK
+γ
v
hD[PLjv Y
o
]bXgW
tK
−γ
v
hOSK[M^_JZY
ojk
8dJMLcKJ\]TWML>WqQ L>] |c]bSfLdY^JMLda_L@SfYKLOY^[Maq[VX^_c
]Tv YKL>SY^JgLR]TQMQ[P[VU]TYK[PN_X`Nbv YKJMLﬂaqNaqL@X|YKsa WgL>Q#L>XMWML@XZYU@sgY^c
k
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8dJMLZx\X\][\YK[.ar[PX^U@sgYztJg[PUJqt]bc]bQMQ[V[PL>W
p
t]bc}N_XrY^JML{QMSKNTY^N_X} ]bN_Xa_L@SfY^L~`YK[.arL
p
tpKv
k
Q!cf[.ar[.[P]bSdcfYKsMWA_F]bc<YKJ\]TYvONbS<Y^JgLJ\]bWgSKN_X} QMJMNbYKN_XFabL>SfYKLOFY^[.ar[PXA^FhOcKL@LcKL@U@Y^[VN_X
lk

k _ojp
vON_sMXgW)YKJ\]TYYKJM[PcabL>SŁY^LO Y^[.ar[PXA^;][PcfN J\]bcr]?arN)arL>XZY^sa WML@Q L@XMWML>XgU>L
k
Qu^Z]b[PX YKJML>cfL
Y^[Maq[VX^]bSfLCxMYKYKL>Wﬂ]bXMWU>sgY{N_X ±3σ vON_SarN)aqL@XZY^sa ~M[PXMcNbv 100 MeV/c k
 [.^bsMSKL
lk
cKJgN tczY^JM[VczWML@Q L@XMWML@XMU>L ]bXgWqY^JgLL L>UjYNbv Y^JML{Y^[.ar[PXA^U@sgYvONbS}YKJML
K+
p
]bXMWzx#^_sgSKL
lk
ªrcf[.ar[.[P]bSﬁ[_vON_SY^JgL
K−
k
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lk
ﬃ£'L@v Y9ﬃ
tpK
+
v
~ LjvON_SKL]bXMW;]v Y^L>ShicfJ\]bWML@W
o
YKJMLRYK[.ar[PX^rU>sgY
k
o[.^bJ|Y9ﬃ
tpK
+
v
ayc
K+mom
~#L@vONbSKLqhiN_slY+[P[VXML
o
]bXMWﬂ]Tv Y^L@ShiU>NbX|YKN_sMS
o
YK[.ar[PX^RU>sgY
k
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M(nK+)
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 [M^_sMSKL
lk
ªﬃZ£'L@v Y9ﬃ
tpK
−
v
~ LjvON_SKL]bXMW;]v Y^L>ShicfJ\]bWML@W
o
YKJMLRYK[.ar[PX^U>slY
k
o{[M^_JZY ﬃ
tpK
−
v
ayc
K−mom
~#L@vONbSKLqhiN_slY+[P[VXML
o
]bXMWﬂ]Tv Y^L@ShiU>NbX|YKN_sMS
o
YK[.ar[PX^RU>sgY
k
  	 	 
MM(pK+K−)
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]TXMW
M(pK−)
cKJMNut[VXﬀFY^JgL
Λ(1520)
]TXMWNbY^JML@SJM[ ﬀbJML>Sq]bcKc
Λ∗
′
s
hOSK[ ﬀbJ|Y
ojk
8dJMLqSfL>W

[VXML>c ]TSKL[PXgWM[PU>]TY^[a_LNbv}Y^JgL
U>slY^cL rQ

N ﬂbL>W
k
<[ﬀ_J \L

W4hOY^NbQSfNut
o
]TXMW

Nut \L

W4hi~#NbYfY^N SKNut
ojk
8dJML MYKYKL>W qL>]bX!]TXMWcf[ ﬀq]1vON_S YKJMLQgJM[Q L>]  [VX YKJMLJM[ ﬀ_J \L

W W\]TY^] ]TSKL
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1019.6 MeV/c2
]bXgW
7.1 MeV/c2
p
]bXMW[PX Y^JML

Nut \L

WW\]Y]9]bSKL
p
1019.5 MeV/c2
]bXMW
5.9 MeV/c2
k
\N_SRYKJML

] ~ W\]ﬂQ L>] x[VX Y^JML&JM[ﬀ_J \L

W)W\]TY^]
p
Y^JML gYKY^L@W rL]TX
[Pc
1520.2 MeV/c2
p
]bXMWY^JgLrcf[ ﬀq]e[Pc
9.2 MeV/c2
p
]bXgW9vON_SYKJML

Nut \L

W4W\]Y]
p
Y^JgL
MYfY^L>W rL]bXG[Pc
1519.8 MeV/c2
]bXMWGY^JML cf[ ﬀq][Pc
10.1 MeV/c2
k
\N_SY^Jg[Pc]bXM]

ﬂycK[Vc
p
Y^JgL&[PXZaT]bSK[P]bXZYq]bcKc
p
M(K+K−)
p
[VcSKL ysg[PSKL@W Y^N;~#L ﬀ_SKL>]TY^L@S
Y^JM]bX
1.06GeV/c2
Y^NrU>slY{YKJML
φ
k
8dJMLRSfL rNuab]

Nbv YKJML>cfL
φ(1020)
Lja_L@X|YKc[Vc{XgL>U>L@cKcK]bS ﬂ
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φ
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
h
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k

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Λ
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
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
ﬂycK[Vc
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
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p
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p
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p
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
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
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
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
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p
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p
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
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p
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
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MM2(ppi+pi−)
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
< 1.16 (GeV/c2)2
MM2(pK+pi−)
r[Pc 	

< 0.96 (GeV/c2)2
MM2(pppi−)
r[Pc 	
 ≤ 0 (GeV/c2)2
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U>slY
> 300 MeV/c
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> 300 MeV/c
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oEk
8dJMLY^N_QQ
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